Rectal cancer surgery has undergone a rapid change over the last few decades. We have come a long way from abdominoperineal resection to minimally invasive sphincter preserving techniques. Colorectal cancer screening programs made it possible to diagnose patients at earlier stages and this has led to question the necessity of radical surgery and the possibility of organ preservation. The platform most recently added to the surgical armamentarium is transanal minimally invasive surgery (TAMIS). It utilizes conventional laparoscopic tools to perform endoluminal surgery in rectum. Along with the conceptual changes in rectal cancer management, TAMIS is more frequently used for local excision of malignant rectal tumors. This review highlights the recent advances and current state of the role of TAMIS in the management of rectal cancer at various stages.
INTRODUCTION
The ultimate aim of rectal cancer treatment is to provide safe oncological cure while maintaining enteral continuity and preserving sphincter function. In many cases, it is challenging to achieve excellent results in all three components [1] .
The multimodal treatment of rectal cancer is following a similar path to breast cancer: less invasive surgical techniques are being utilized to preserve anatomical and functional integrity without compromising oncological outcomes. It has undergone a seismic change from abdominoperineal resection to low anterior resection, local excision and finally watch-and-wait approach, following neoadjuvant treatment in select patients. This change was manifest in tandem to the technical advancements like the introduction of circular staplers, surgical refinements -popularization of strict adherence to anatomical planes by Heald, and of course recognition of the importance of neoadjuvant chemotherapy and radiotherapy [2] . Not only has the nomenclature around the operation changed, but so too has the platform to access the rectum. The introduction of laparoscopy has revolutionised colorectal surgical practice and continues to evolve. Robotic surgery platforms have also garnered some popularity, in particular, for access to the lower third of the rectum. Since 2010, the introduction of minimally invasive approaches has been applied to the rectum via a transanal approach [3] , and has been utilised in a broad spectrum of clinical scenarios; from transanal polyp excision to anastomotic leak repair, local excision of rectal cancer, transanal total mesorectal excision (taTME) and pelvic exenteration [4] [5] [6] [7] [8] [9] .
The advent of widespread colorectal cancer screening has made it possible to diagnose rectal polyps and early stage rectal cancers more frequently. This increasing trend along with increasing response rates to more effective neoadjuvant treatment for locally advanced rectal cancers and patient demands for organsparing options has led leaders in the field to push the boundaries of surgical approaches to the rectum and to reappraise the paradigm of formal proctectomy. Moreover, patients who require local palliation in the setting of stage IV disease and the aging population with medical comorbidities who would be otherwise unfit for any abdominal approach, constitute another group of patients for whom local interventions per anus may prove to be more beneficial overall.
The aim of this study is to review the current state of the role of transanal minimally invasive surgery (TAMIS) in the local management of rectal cancer and highlight the recent advances, with an emphasis on functional results and complications.
LOCAL EXCISION
The term "local excision" refers to removal of the tumor with negative surgical margins without removing the organ it originates from -the rectum. It involves full thickness resection of the rectal wall but not necessarily the draining lymphatics. Enthusiasm about local excision for early stage rectal cancer has grown after Morson et al. [10] published their results in 1977. This has led to development of techniques other than transanal excision (TAE), which is limited by poor exposure and limited to lesions in the distal rectum. Currently, the two most popular options for local excision are transanal endoscopic microsurgery (TEM) and TAMIS.
TAE utilizes conventional instruments under direct vision. It cannot reach mid-or upper rectal lesions. Moreover, confinement of the operative field risks the achievement of negative surgical margins. Margin positivity exceeds 10% even in experienced hands [11, 12] . In a recent study, TAE is not considered as a feasible technique for tumors located higher than the first rectal valve, > 3 cm in size and deeper than T1 [13] . TEM, first described in 1984 by Buess et al. [14] utilized a rigid platform to access intraluminal lesions in the rectum. It has several advantages over TAE. It maintains a stable pneumorectum and makes it possible to reach the mid and upper rectum. Improved visualization results in better assessment of resection margins. When compared to conventional TAE, TEM provides a superior quality resection, with higher rates of negative microscopic margins, reduced rates of specimen fragmentation and lesion recurrence, but with equivalent post-operative complications [15] . However, several factors have limited the widespread uptake within the armamentarium of colorectal surgeons throughout the world. These include a steep learning curve, significant cost of the operating system and concerns about postoperative function [16] . The need for an oncologically safe and also cost effective procedure led to evolution of TAMIS. TAMIS utilizes conventional laparoscopic devices and a single incision port rather than a specialized platform. Therefore, it lowers the cost of the procedure, while giving the surgeon an opportunity to operate with familiar instruments. It also allows for a 360° exposure of the rectal lumen, which is another superiority over TEM. While TEM requires repositioning of the patient or the platform, TAMIS allows operating in multiple quadrants using the same configuration. First described in 2010, TAMIS was found to be a feasible alternative to TEM, providing its benefits at a fraction of the cost without specialized instrumentation .
AN INDIVIDUALIZED APPROACH FOR PATIENTS
Patients with rectal cancer being considered for local excision, should undergo routine staging workup like any other rectal cancer patient, including dedicated magnetic resonance imaging of rectum for local staging, computed tomography of chest, abdomen and pelvis to screen for distant metastases and baseline carcinoembryonic antigen level to guide future follow-up and treatment.
Neoadjuvant treatment followed by TME is still considered the gold standard treatment for locally invasive rectal cancer in terms of oncological outcomes. However, it also has significant effects on patients' quality of life. The Dutch Colorectal Cancer Group reported 14% fecal incontinence, 52% bowel dysfunction and 57% urinary incontinence at 5-year follow-up [20] . These relatively high morbidity rates have strengthened the search for alternative treatment options providing a balance of favourable functional outcomes without compromising oncological results.
The uptake of colorectal cancer screening has enabled more patients to be diagnosed at an early stage [2] . We have also more knowledge about tumor biology and risk factors for aggressive behaviour of the disease. All of these together, bring up the potential for less radical organ preserving surgery in an effort to improve patients' quality of life. One concern for local excision is excessive tissue removal leading to a narrowed lumen and rectal stenosis. However, we know from TEM literature that stenosis following TEM excision is rare unless the lesion is circumferential. Recently, McLemore et al. [21] reported a single case of rectal stenosis in a cohort of 32 patients who underwent TAMIS for both benign and malignant rectal tumors. The patient who developed stenosis had a large circumferential adenoma and was subsequently managed successfully with endoscopic dilation.
T1N0
Early rectal cancer is defined as cancer confined to submucosa [22] . Kikuchi et al. [23] further classified early rectal cancer according to depth of invasion of the tumor by dividing submucosal layer into thirds. While the risk of lymph node metastasis is 3% for lesions invading the superficial 1/3 of submucosa (SM1), it rises up to 8% for middle (SM2) and to 23% for deeply invading lesions (SM3) [24] [25] [26] .
The 2013 American Society of Colon and Rectal Surgeons practice parameters for the management of rectal cancer state that local excision is an appropriate treatment modality for carefully selected T1 rectal cancers without high-risk features [27] . Favourable T1 lesions have a less than 10% risk of lymph node metastasis and local excision can be potentially curable for these patients [2] [ Figures 1-3 ]. The Swedish Rectal Cancer Registry analysis demonstrated that the rate of lymph node metastasis is 6% in the absence of adverse features (lymphovascular invasion or poor differentiation).
A recent analysis of Surveillance, Epidemiology, and End Results database, showed that local excision of T1 rectal cancer does not affect cancer-specific survival when compared to radical surgery. However, less radical approach comes at a cost of need for more frequent and careful follow-ups [28] . Due to the fact that TAMIS is a novel technique, oncological outcome data after TAMIS for rectal cancer is limited thus far simply by length of follow-up. In a comparative study by Lee et al. [29] , margin positivity was 7% and lesion fragmentation was 4% for TAMIS, which was not significantly different from TEM. Local recurrence was 6% after high quality excision compared with 13% after poor quality excision. Another study comprising 110 rectal cancer patients, a positive margin was seen in 8% and tumor fragmentation in 5% of patients. For patients who did not undergo immediate salvage radical surgery, local recurrence rate was 6%, and distant metastasis rate was 2% after a median follow-up 14.4 months [30] . Martin-Perez et al. [31] performed a systemic review of 16 high quality case series, they reported an overall margin positivity of 4.4% and tumor fragmentation was 4.1%.
On the other hand, another meta-analysis of 4510 patients highlighted the risk factors for lymph node metastasis for T1 lesions as submucosal invasion > 1 mm, lymphovascular invasion, poor differentiation and tumor budding [32] . If any of these risk factors are present on final pathology, total mesorectal excision is recommended in medically fit patients due to the high risk of lymph node metastasis. Similarly, for rectal neuroendocrine tumors > 20 mm or with adverse features, radical surgery is warranted in suitable patients [1, 15] . Data from TEM literature suggest a reduction in mesorectal excision quality in patients who undergo salvage radical resection after local recurrence following local excision [33] . Lower quality mesorectal excision leads to higher local recurrence and a reduction in survival, which therefore emphasizes the importance of patient selection for local excision in the first place.
Local excision following neoadjuvant therapy
With increasing interest in watch-and-wait approach for complete clinical response following neoadjuvant chemoradiation, there has also been a trend towards local excision to evaluate and confirm mural pathologic response. Additionally, local excision is being utilized more commonly for patients whose tumors .
In 2016, Shin et al. [37] published retrospective data of 34 patients who had local excision following neoadjuvant chemoradiation. They included patients with only complete or near complete clinical response. A pathologic complete response was achieved in 56% of patients, 35% had T1 and 9% had T2 tumor in their final pathology. Only 2 patients developed recurrence (one local recurrence and one distant metastasis) during a 5-year follow-up period. In this study, all lesions were located in low rectum; 28 patients had TAE and 6 patients had TAMIS.
Lee et al.
[30] published a wider range of patients with more advanced stage. They investigated the role of TAMIS for patients with T2/T3 N+ disease who received neoadjuvant chemoradiation and responded clinically with negative lymph nodes on post treatment imaging and a final tumor showing a small whitish scar and/or shallow ulcer on sigmoidoscopy. On final pathology, 18 patients showed a pathologic complete clinical response of primary tumor, whereas 11 patients still had T2/T3 tumor. All of these patients refused to undergo further surgery and nearly half of them (5 of 11 patients) developed local and/or distant recurrence during the median follow-up of 36 months.
Local excision for more advanced tumors
As of today, the gold standard treatment of T2-T4 lesions is TME due to high risk of lymph node metastasis. Local excision of T2-T4 lesions can be considered as an oncologically inferior but less invasive alternative to radical excision in several clinical scenarios; including patients with multiple comorbidities who are medically unfit to undergo a major abdominopelvic procedure or patients with metastatic disease but who need local control for palliation [ Figure 4 ]. There may also be some patients who demonstrate understand- ing and refuse radical resection to avoid its complications like fecal or sexual dysfunction, or to maintain intestinal continuity and avoid a permanent colostomy with an acceptable risk of higher recurrence rate.
Knowledge about the role of local excision for lesions deeper than T1 is mostly limited to small series of patients who declined TME or were unfit for abdominal surgery [19] [ Figure 5 ]. These series have reported significantly higher local recurrence rates. These series also do not follow a standard protocol of chemotherapy or radiotherapy.
Lezoche et al.
[38] studied the long-term outcomes of 70 patients with T2N0 rectal cancer randomized to TEM or laparoscopic TME. All patients in each group had received neoadjuvant chemoradiation. They reported a local recurrence rate of 5.7% after local excision versus 2.8% percent after laparoscopic TME, with a median follow-up of 84 months. There was no difference in disease-free survival.
Similarly, American College of Surgeons Oncology Group (ACOSOG) Z6041 trial investigated the role of local excision for clinically staged T2N0 rectal cancer following neoadjuvant chemoradiation. Local recurrence rate was reported as 4% and distant metastasis as 6% after a median follow-up of 56 months [39] .
FUNCTIONAL OUTCOMES AND QUALITY OF LIFE
The biggest driving force behind less invasive approaches for rectal cancer -especially for early rectal cancer -is the high morbidity of gold standard technique; TME. Functionally unfavourable outcomes in intestinal, urinary and sexual functions are the major concerns for patients' postoperative quality of life (QoL). Local excision can potentially decrease the incidence of these complications and improve QoL. TEM has been associated with fecal incontinence due to its 4-cm diameter scope and rates of up to 37% worse incontinence has been reported after TEM [40] . TAMIS seems more advantageous in this regard as it utilizes a flexible port to access rectum. Although longer term follow-up data is available for TEM, the impact of TAMIS on patients' QoL is unclear -due to it being a relatively new technique.
Recently, Clermonts et al.
[41] published their data of 37 patients who underwent TAMIS for dysplastic sessile polyps or cT1 rectal cancer. They compared Short-Form 36 Health Survey responses of 37 patients to a healthy case-matched population. This study demonstrated that patients scored worse than healthy control group in physical functioning, general health perception and social functioning domains. After a 3-year follow-up, 9 patients reported improved fecal incontinence severity index (FISI) scores, 19 patients deteriorated and 9 patients remained same.
On the other hand, Verseveld et al. [42] compared QoL of 24 patients undergoing TAMIS before and 6 Schiphorst et al. [43] similarly reported FISI scores of 35 patients pre-and post-TAMIS. Their data showed that 3 of 18 patients with normal continence developed soiling after the surgery but 2 of them returned to normal in 6 months. Fifteen of 17 patients with abnormal FISI score showed improvement in fecal continence following TAMIS.
These studies yield varying results. It should be kept in mind that one of these studies compared TAMIS patients to healthy control group, and the other two compared the same patients' pre-and post-operative status. A study comparing functional outcomes and QoL of patients who underwent TAMIS versus TME would give a more meaningful picture in terms of the functional benefits of local excision over radical resection.
COMPLICATIONS
Lee et al. [29] reported postoperative morbidity of TAMIS to be 9% in a series of 228 patients comprising both benign and malignant tumors. In another study by the same group, complication rates of TAMIS in a group of 110 rectal cancer patients was 15%. The most common complications of TAMIS were urinary retention, perioperative bleeding and peritoneal violation; similar to TAE and TEM [30] . Both urinary retention and peritoneal entry have been associated with anterior and lateral location of the tumor. Urinary retention is usually self-limited and treated by temporary urinary catheterization. Entry into peritoneal cavity has been reported more frequently with upper lesion location (> 8-10 cm from anal verge). The largest TAMIS series published to date had an incidence of peritoneal entry of only 2%. In contrast, the incidence is reported as 6%-8.6% for TEM. Either transanal or laparoscopic suturing can be utilized when a peritoneal defect occurs. It is not associated with increased morbidity. Risk is further reduced in the setting of preoperative bowel preparation and intravenous antibiotic treatment for 24 h postoperatively [18, 19, 44] . In these patients, a gastrograffin enema is recommended on postoperative day 3 to document the absence of a leak [2] . Mean blood loss for local excision of rectal cancer is 28 mL [30] . Increased bleeding has been associated with large tumor size. Cases of post-procedural hemorrhage that do not stop spontaneously have in all cases been managed successfully either endoscopically or with examination under anesthesia and sewing [1] . Less commonly reported complications include urinary tract infection, subcutaneous emphysema, scrotal . Barendse et al. [45] concluded that a learning curve effect was observed in complication rates. However, a specific case volume was not defined in this study and complication rates before and after the learning curve were not compared. Lee et al. [46] investigated the learning curve in a single high volume tertiary care referral center and found that the learning curve of TAMIS for rectal neoplasms is 14-24 cases. This study did not show a difference in complication rates before and after the learning curve.
CONCLUSION
Based on currently available clinical data, TAMIS in experienced hands, results in the high quality local excision of early rectal tumors with low histological margin positivity in an efficient manner and low recurrence rates in context of favourable histologic properties with an excellent morbidity profile with no long term adverse effect on continence. The role of TAMIS for more advanced tumors and in the post-neoadjuvant setting needs clarification by further studies. It can also be offered as a palliative procedure to patients with metastatic disease, which would potentially avoid complications of a major surgery. TAMIS has enabled the performance of high quality local excision of rectal lesions by many colorectal surgeons, integrating transanal endoscopic surgery into mainstream practice. Currently surgeon preference and device availability govern which platform is selected for use. As with all new techniques used in the management of neoplastic disease, appropriate training must be ensured and the continued assessment and assurance of oncological outcome -via databases -must be maintained.
